The biosynthetic pathways to various prostaglandins from uolyunsaturated fatty acids have been outlined by numerous reports from the laboratories of Bergstrbm(l967) and Samuelsson(l967),in Sweden,and van Dorp(1967) ,in The Netherlands.
the Karolinska Institute working in collaboration with Professor B. Samuelsson. At that time we were able to develop thin-layer techniques which allowed quantitative measurement of the many different products appearing during prostaglandin biosynthesis. This led to the identification of the unusual p r o s t a g l a n d i n , l l -k e t o -P G F l , , f r o m reaction mixtures (Granstr8m et a1,1968) ,and a recognition that the oxidative cyclization most probably occurs after the liberation of the essential acid (Lands & Samuelsson, l968) ,by action of an acylhydrolase. Last year I began again to use those methods to examine in more detail the regulation of prostaglandin biosynthesis. A useful review of the factors in the biosynthesis of prostaglandins recognized up to that point was provided by Samuelsson in that year's Progress of Biochemical Pharmacology (Samuelsson, l969) . certain aspects of the multi-enzyme system that are still being investigated. A principal feature in our work is regarding each enzyme-catalyzed step as a potentially independent process to be examined individually. Thus,prostaglandins are formed from precursor lipids by many sequential reactions,as shown in Fig.1 . forms seems necessary for any appreciable synthesis to occur (Lands & Samuelsson, l968) . At the present time the recognized acylhydrolase activities are relatively low and not well characterized. The subsequent oxidative and rearrangement steps are the main concern of this report. They were followed in our experiments by incubating radioactive arachidonate with tissue preparations.
extracted from the reaction mixtures and separated from each other by TLC on silica gel G. After developing to 15 cm in benzene:dioxane:acetic acid:formic acid(82:14:1:l),the plate was dried briefly and redeveloped to 7.5 cm in acet0ne:methylene chloride(60:40)to get better separation of the products more polar than monohydroxy acids. With these Three years ago I was privileged to spend six months at The present report is designed to indicate briefly
The release of the unesterified acid from esterified The various products of the different reactions were solvents there was no separation of the products derived from arachidonate(e.g.,PGE2)from the corresponding products from eicosatrienoate(PGE1). The silicic acid was scraped from regions of the platelas indicated in Fig.2 ,and the radioactivity determined by liquid scintillation spectometry. recovery of unreacted substrate at an RF value of 0.9. The radioactive materials in the 6-min incubation mixture were principally unreacted acid and PGE. The changes in Biosynthetic routes to various prostaglandins.
The non-incubated control(1eft side of Fig.2) 
Thin-layer chromatographic s e p a r a t i o n of r e a c t i o n p r o d u c t s . r a d i o i s o t o p e produced upon i n c u b a t i o n a r e shown i n t h e l a s t column a t t h e r i g h t .
The d e c r e a s e i n f r e e a c i d from t h e t o p of t h e p l a t e i s r e f l e c t e d i n corresponding i n c r e a s e s i n t h e hydroxy a c i d and more p o l a r r e g i o n s of t h e chromatogram. T h i s TLC t e c h n i q u e was used t o f o l l o w , i n s o f a r as p o s s i b l e , t h e v a r i o u s enzyme-catalyzed s t e p s r e l a t e d t o p r o s t a g l a n d i n p r o d u c t i o n . By s e l e c t i n g e a r l y t i m e p o i n t s w e a t t e m p t e d t o o b t a i n v a l u e s r e f l e c t i n g i n i t i a l v e l o c i t i e s and enzymic a c t i v i t i e s , r a t h e r t h a n t h e amounts of p r o d u c t t h a t might accumulate w i t h t i m e .
The f o r m a t i o n of PGE compounds i l l u s t r a t e d by t h e e f f e c t of g l u t a t h i o n e on t h e o v e r a l l s y n t h e t i c p a t h s f o r p r o s t a g l a n d i n p r o d u c t i o n . W e wished t o know i f t h e g r e a t e r amount of PGE produced i n t h e p r e s e n c e of glutathione(Samuelssonl1967;van DorpIl967;Lapidus e t a l , 1 9 6 8 ) i s i n a d d i t i o n t o l o r a t t h e expense o f , t h e o t h e r prod u c t s observed. The former would s u g g e s t a s t i m u l a t i o n of o v e r a l l o x y g e n a t i o n and c y c l i z a t i o n r e a c t i o n ( l , 2 , 3 and 5 i n F i g . l ) , w h e r e a s t h e l a t t e r would i n d i c a t e a s p e c i f i c stimul a t i o n of t h e breakdown of c y c l i c p e r o x i d e t o P G E ( r e a c t i 0 n 5 ) . S i n c e t h e C17 and C 2 0 hydroxy a c i d s o r i g i n a t e by d i f f e re n t r o u t e s , t h e hydroxy a c i d r e g i o n of t h e t h i n l a y e r s was s c r a p e d , t h e a c i d s eluted,derivatized,separated by GLC and t h e i r r a d i o a c t i v i t y determined s e p a r a t e l y . I n t h i s way,the amount of hydroxyheptadecadienoate c o u l d be i n c l u d e d w i t h An example of t h e a p p l i c a t i o n of t h e TLC t e c h n i q u e s i s t h a t of o t h e r p r o d u c t s a r i s i n g a f t e r t h e c y c l i z a t i o n rea c t i o n .
v e s i c u l a r g l a n d s a r e shown i n T a b l e 1. A s t h e m o l a r r a t i o of T a b l e 1. E f f e c t of g l u t a t h i o n e on p r o s t a g l a n d i n f o r m a t i o n .
R e s u l t s from two e x p e r i m e n t s w i t h homogenates of s h e e p . 4
3.0 . 7 4 . 1 1 1 . 5 * t h e p r o d u c t s l i s t e d under a a n d b a r e a c y c l i c hydroxy a c i d s (~1 7 a n d C20, r e s p e c t i v e l y ) . Column c i n d i c a t e s t h e amount i n t h e 11-dehydro-PGF r e g i o n and d , t h a t i n t h e PGF r e g i o n . A l l v a l u e s are a s nmoles. and 7 s u g g e s t t h a t g l u t a t h i o n e i s s e l e c t i v e l y a c c e l e r a t i n g t h e r e a r r a n g e m e n t r e a c t i o n 5. S t u d i e s w i t h h i g h l y p u r i f i e d s y s t e m s a r e needed t o b e c e r t a i n w h e t h e r t h e g l u t a t h i o n e i s s p e c i f i c a l l y s e r v i n g i n r e a c t i o n 5 a s a n u c l e o p h i l i c c o f a c t o r w i t h o u t o x i d a t i o n o r r e d u c t i o n . Such a r e a c t i o n c o u l d o c c u r i n a manner a n a l o gous t o t h e w e l l e s t a b l i s h e d r o l e of g l u t a t h i o n e i n glyoxal a s e action(Lohmann,l932;RackerI 1951; Rose, 1957) (see F i g . 3 ) .
The c o n v e r s i o n of m e t h y l g l y o x a l t o l a c t a t e i s c a t a l y z e d by two p r o t e i n f r a c t i o n s , g l y o x a l a s e I and g l y o x a l a s e 11. The f i r s t enzyme r e q u i r e s g l u t a t h i o n e t o c a t a l y z e a n i n t e r n a l 1,
h y d r i d e s h i f t and forms t h e l a c t y l t h i o l e s t e r . The s e c o n d
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F i g u r e 3 . The role of g l u t a t h i o n e i n g l y o x a l a s e a c t i o n . An enzyme-catalyzed g l u t a t h i o n e s p e c i f i c i n t e r n a l 1, 2 h y d r i d e s h i f t .
enzyme, an a c y l h y d r o l a s e , l i b e r a t e s l a c t a t e and u n a l t e r e d g l u t a t h i o n e which c a n c o n t i n u e t o s e r v e a s a c o f a c t o r w i t ho u t n e t consumption. The g l u t a t h i o n e -a s s i s t e d s h i f t of a h y d r i d e t o a n a d j a c e n t i n c i p i e n t carbonium atom may b e rel a t e d t o a g l u t a t h i o n e -a s s i s t e d s h i f t of a h y d r i d e
t o a n a d j a c e n t i n c i p i e n t oxonium a t o m , a s i l l u s t r a t e d i n F i g . 4 .
F i g u r e 4 . o c c u r i n a n a l o g o u s f a s h i o n , w i t h a l l l i p i d peroxides,when no p h e n y l g r o u p s a r e a v a i l a b l e f o r m i g r a t i o n t o t h e i n c i p i e n t oxonium. A n u c l e o p h i l e would t h e n combine w i t h t h e s e i n t e rm e d i a t e carbon i o n s i n t h e same way GSH i s proposed t o rea c t w i t h t h e r e a r r a n g e d i n t e r m e d i a t e t o form PGE ( F i g . 4 ) may p r e v a i l under c o n d i t i o n s which produce 11-dehydro-PGF (GranstrGm e t a l , 1 9 6 8 ) . When reduced g l u t a t h i o n e h a s been removed from t h e enzyme complex t h e c y c l i c endoperoxide may be a t t a c k e d by a n u c l e o p h i l e of t h e enzymic p r o t e i n t o g i v e m i g r a t i o n of t h e 11-hydride r a t h e r t h a n t h e normally p r ef e r r e d 9-hydride. I n some i n c u b a t i o n s w e were a b l e t o obt a i n 6 0 % of t h e r a d i o a c t i v e p r o d u c t chromatographing i n t h e 11-dehydro-PGF r e g i o n .
Proposed mechanism f o r a g l u t a t h i o n e a s s i s t e d 1, 2 h y d r i d e s h i f t i n PGE f o r m a t i o n . I n t h e l a t t e r case,however, t h e r e s u l t a n t i n t e r m e d i a t e is a metastable t h i o h e m i k e t a l ( r a t h e r t h a n a s t a b l e , i s o l a b l e t h i o 1 e s t e r ) s o t h a t proof f o r i t s e x i s t e n c e would b e h a r d e r t o o b t a i n . A c o r r e s p o n d i n g 1,2 s h i f t t o a p o s i t i v e oxygen atom o c c u r s w i t h a phenyl group d u r i n g t h e a c i d -c a t a l y z e d decomposition of cumene hydroperoxide(Seubo1d
An i n t e r e s t i n g v a r i a t i o n o f t h i s r e a c t i o n mechanism
Most r e a c t i o n s of t h e c y c l i c p e r o x i d e i n t e r m e d i a t e are n o n -o x i d a t i v e r e a r r a n g e m e n t s and do n o t r e q u i r e a d d i t i o n a l c o f a c t o r s . A v a r i e t y of o t h e r oxygenated c y c l i c a c i d s , i nc l u d i n g PGB (Green 6, Samuelsson, l964 ) and 8-iso-PGE ( D a n i e l s e t a 1 , 1 9 6 8 ) h a v e chromatographic p r o p e r t i e s s i m i l a r t o l l -d e h ydro-PGF. I n a d d i t i o n , t h e m e t a l c a t a l y z e d decomposition of hydroperoxide produces h i g h l y p o l a r m a t e r i a l ( 0 ' B r i e n , 1 9 6 9 ) t h a t a l s o may chromatograph w i t h 11-dehydro-PGF. T h e r e f o r e , t h i s r e g i o n of t h e p l a t e c a n n o t b e u n e q u i v o c a l l y a s s i g n e d t o t h a t p a r t i c u l a r p r o d u c t .
Formation of PGF compounds
One r e a c t i o n of t h e c v c l i c p e r o x i d e t h a t i s of major i n t e r e s t t o us i s d e s i g n a t e d # 6 i n F i g . 1 . This r e a c t i o n d i ff e r s from t h e o t h e r s i n r e q u i r i n g a n a d d i t i o n a l s o u r c e of e l e c t r o n s t o r e d u c t i v e l y c l e a v e t h e endoperoxide t o a d i o l . Our f i r s t a t t e m p t s a t c h a r a c t e r i z i n g t h e s e p a r a t e c a t a l y s t s and r e q u i r e d c o f a c t o r s w e r e d i r e c t e d a t s e p a r a t i n g t h e subc e l l u l a r membrane f r a c t i o n s t o see whether one f r a c t i o n produced more PGF r e l a t i v e t o PGE. The p r i n c i p a l s y n t h e t i c a c t i v i t y sedimented from 0 . 2 5 s u c r o s e homogenates i n t h e c e n t r i f u g a l r a n g e of 5 , 0 0 0 g f o r 5 min t o 2 5 , 0 0 0 f o r 30 min.
G e n e r a l l y , t h e a c t i v i t y was d i s t r i b u t e d between t h e s u c c i na t e dehydrogenase,a m i t o c h o n d r i a 1 marker and acyl-GPC:acyl
CoA a c y l t r a n s f e r a s e , a microsomal marker ( E i b l e t a 1 , 1 9 6 9 ) .
A s t h e f r a c t i o n s w e r e s e p a r a t e d , t h e need f o r added c o f a c to r s became more a p p a r e n t . I n a l l f r a c t i o n s s t u d i e d , t h e c a ta l y s t s f o r r e a c t i o n s 5 and 6 ( s e e F i g . l ) a p p e a r e d i n s i m i l a r p r o p o r t i o n s , w i t h no a p p a r e n t enrichment of t h e r e d u c t i v e e n z y m e ( # 6 ) i n any p a r t i c u l a r f r a c t i o n . S i n c e an added s o u r c e of e l e c t r o n s i s needed f o r PGF p r o d u c t i o n w i t h t h e washed p a r t i c l e s , a number of c o f a c t o r s w e r e c o n s i d e r e d . The followi n g c o n c e p t s l e d t o d r a m a t i c e x p e r i m e n t a l r e s u l t s .
W e s p e c u l a t e d t h a t Cu++ might s t a b i l i z e a d i r a d i c a l form of t h e endoperoxide and a s s i s t t h e r e d u c t i v e c l e a v a g e i n f a v o r of o t h e r r e a r r a n g e m e n t s . A d d i t i o n a l l y I a n e a r l y c h o i c e of e l e c t r o n donors was t h e d i t h i o l c l a s s of compounds known t o form s t a b l e c h e l a t e s w i t h Cu++. T h i s combination of c o f a c t o r s , m o r e t h a n any o t h e r s t e s t e d , p r o v e d c a p a b l e of s h i f t i n g t h e p r o d u c t i o n of p r o s t a g l a n d i n d e r i v a t i v e s i n f a v o r of PGF. Although a more d e t a i l e d r e p o r t w i l l a p p e a r elsewhere,some e f f e c t s of copper and d i t h i o l s are shown i n Table 2 . I n c r e a s i n g t h e equimolar c o n c e n t r a t i o n ( w i t h d i t h i ot h r e i t o 1 ) f r o m 0 t o 1 0 s h i f t e d t h e r e l a t i v e amount of PGF from 0 . 3 t o 3.2 t i m e s t h e amount of PGE. W e observed t h a t 1, 3 d i t h i o g l y c e r o l was c o n s i s t e n t l y more e f f e c t i v e t h a n 1,2 isomer and d i h y d r o l i p o a m i d e w a s t h e most e f f e c t i v e of 1 2 
d it h i o l s t e s t e d . When added a l o n e , t h e d i t h i o l s w e r e p o t e n t i nh i b i t o r s of t h e i n i t i a l f a t t y a c i d o x i d a t i o n ( r e a c t i 0 n 1 , F i g . 1 ) a n d h i g h l e v e l s of d i t h i o 1 , e v e n i n t h e p r e s e n c e of Cu++ diminished t h e t o t a l amount of o x i d i z e d p r o d u c t s . The l a t t e r c o n d i t i o n s , h o w e v e r , d i d a l l o w p r o d u c t i o n of PGF i n l a r g e exc e s s over PGE. The method of d e t e c t i n g all p r o d u c t s and unr e a c t e d s u b s t r a t e on one chromatogram w a s p a r t i c u l a r l y h e l p f u l i n i n t e r p r e t i n g t h e d e c r e a s e i n o v e r a l l o x i d i z e d p r o d u c t s w i t h t h e concomitant s h i f t i n r a t i o s of p r o d u c t s . The r e s u l t s i n Table 3 show t h a t when g l u t a t h i o n e was T a b l e 2. E f f e c t of d i t h i o l s on p r o s t a g l a n d i n F/E r a t i o s .
c o n t a i n e d 300 nmoles o f s u b s t r a t e and was a l l b w e d t o p r o c e e d f o r 30 min. t h e c o f a c t o r , t h e p r i n c i p a l products,PGE and 11-dehydro-PGF, w e r e c o n v e r t e d by t r e a t m e n t w i t h sodium b o r o h y d r i d e t o m a t e r i a l co-chromatographing w i t h PGF. On t h e o t h e r hand, t h e d i s t r i b u t i o n of r a d i o a c t i v e p r o d u c t s of t h e copperd i t h i o l s y s t e m ( p r i n c i p a l 1 y PGF) w a s n o t a p p r e c i a b l y a l t e r e d by b o r o h y d r i d e t r e a t m e n t . A p p a r e n t l y o n l y v e r y s m a l l amounts T a b l e 3. S e p a r a t i o n o f p r o d u c t from s h e e p v e s i c u l a r g l a n d s .
Cof ac t o r TLC NaBH4 Added Region U n t r e a t e d T r e a t e d 11-dehydro-PGF 4 . 4 0 . 4 GSH PGE 2 0 . 8 1 . 9 P GF 1 . 6 23.3
Cu++/DHL A P GE 3.9 3.2 P GF 1 8 . 2 1 9 . 8 1 1-dehy dro-P GF 0 . 8
. 2 of PGE a r e produced i n t h e p r e s e n c e o f t h e d i t h i o l c o f a c t o r . T h i s r e s u l t a l s o h e l p s emphasize t h a t o t h e r p o l a r r e a r r a n g ement p r o d u c t s may o c c u r i n r e g i o n s o f t h e TLC p l a t e u s u a l l y a s s i g n e d t o 11-dehydro-PGF and P G E . To f u r t h e r c h a r a c t e r i z e t h e PGF produced, t h e t r i m e t h y l s i l y l e t h e r s o f t h e m e t h y l e s t e r s w e r e chromatographed on SE-30 and OV-l i q u i d p h a s e s on GLC. The PGF produced from e i c o s a t r i e n o a t e co-chromatog r a p h e d w i t h a PGFlc, s t a n d a r d and t h a t from a r a c h i d o n a t e c o r r e s p o n d e d t o PGF2,. Mass s p e c t r a * o f t h e p r o d u c t s resembl e d t h e s p e c t r u m p u b l i s h e d e a r l i e r (Granstr6m e t a1,1968) a n d showed c h a r a c t e r i s t i c f r a g m e n t s for PGFicl and PGF2, ( F i g . 6 ) T h u s l i t seems c l e a r t h a t i n t h e p r e s e n c e o f c o p p e r , *An LKB m a s s s p e c t r o m e t e r i n c o m b i n a t i o n w i t h g a s chromatography and a c o m p u t e r i z e d d a t a h a n d l i n g s y s t e m was u s e d w i t h
t h e a s s i s t a n c e of t h e s t a f f i n t h e l a b o r a t o r y of D r . C . C . dihydrolipoamide can effectively prevent the formation of PGE and allow reduction of the endoperoxide to form PGF. The heuristic concept indicated in the upper part of Fig.  7 served adequately for experimental designsfbut may be less favored than the mechanism shown in the lower half of the figure. The latter mechanism is somewhat analogous to that deduced by Sigel for the Cu++ catalyzed decomposition of hydrogen peroxide(Sigel,l969). Regardless of which mechanism is preferred on chemical considerationsfboth proposals need some further development to account for a physiological supply of the reductant dithiol. A likely possibility Gould be an enzyme dithiol which can be maintained in vitro in a reduced form by the exogenous dithiol added to our incubations.
Sweeley a t Michigan S t a t e U n i v e r s i t y .
The initial oxidation reaction by monitoring the total products on TLC,was that incubation mixtures that were poor producers of either prostaglandin E or F were generally poor in producing any oxidized acid from the starting substrate. It seemed as if the most labile catalysts were those involved in the initial attack by oxygen and that many incubations would have succeeded if an adequate supply of peroxide intermediates could have been assured. With this in mind we attempted to study the first reaction (Fig.l) in isolation from the many subsequent enzymic steps so that we could more systematically determine what was needed to keep it functioning. One approach had an One general observation in our studies,made possible pigure 6. Mass spectrum of the PGF derivatives produced from incubations with Cu++ and dihydrolipoamide. u n u s u a l consequence. c u b a t i o n m i x t u r e s t o a r t i f i c a l l y a c c e l e r a t e t y p e 3 r e a c t i o n s and h o p e f u l l y produce e x c l u s i v e l y h y d r o x y e i c o s a t e t r a e n o i c a c i d . G l u t a t h i o n e p e r o x i d a s e ( L i t t l e e t a l , 1970) c a t a l y z e s t h e n u c l e o p h i l i c c l e a v a g e of t h e l i p i d h y d r o p e r o x i d e , a s shown i n F i g . 8 . The enzyme i s o l a t e d from r a t l i v e r c a t a l y z e s t h e W e added p r e p a r a t i o n s of g l u t a t h i o n e p e r o x i d a s e t o i n -
. A mechanism f o r g l u t a t h i o n e p e r o x i d a s e . r e a c t i o n of a wide v a r i e t y of h y d r o p e r o x i d e s ( i n c l u d i n g H 2 0 2 ) w i t h a v a r i e t y of mercaptans ( L i t t l e & O'Brien, 1968) . When t h e p e r o x i d a s e w a s added t o i n c u b a t i o n s o f v e s i c u l a r g l a n d p r e p a r a t i o n s i t d i d n o t l e a d t o a n accumulation o f hydroxya c i d s t b u t r a t h e r i n h i b i t e d a l l o x y g e n a t i o n of t h e s u b s t r a t e . The i n h i b i t i o n w a s a l m o s t c o m p l e t e , w i t h 765 u n i t s o f p e r o x idase(Tab1e 4 ) . S i n c e t h i s i n h i b i t i o n was n o t caused by t h e g l u t a t h i
o n e p e r o x i d a s e a l o n e , and c e r t a i n l y n o t by t h e g l u ta t h i o n e a l o n e , w e i n f e r r e d t h a t some a c t i v e form o f t h e v e s ic u l a r g l a n d enzyme 1 was i n a c t i v a t e d by t h e f u n c t i o n i n g g l u t a t h i o n e p e r o x i d a s e system.
T a b l e 4 . E f f e c t o f g l u t a t h i o n e p e r o x i d a s e upon p r o s t a g l a n di n f o r m a t i o n by s h e e p v e s i c u l a r g l a n d enzymes. 334 260 374 v a r i e d amounts o f p e r o x i d a s e ( 0 t o 765 u n i t s o f enzyme)were added t o homogenates of an a c e t o n e powder p r e p a r a t i o n p r i o r t o t h e a d d i t i o n o f t h e s u b s t r a t e , 2 0 : 4,which chromatographs a t t h e uppermost s e c t i o n of t h e t h i n l a y e r p l a t e .
To examine t h i s phenomenon i n m o r e d e t a i l w e employed soybean l i p o x y g e n a s e as a model dioxygenase system f o r s t u d y i n g t h e i n i t i a l a t t a c k by 0 2 . Hamberg and Samuelsson (1967) have r e p o r t e d t h a t a n i n i t i a l removal of t h e 13-L hydrogen is common t o b o t h lipoxygenase and t h e v e s i c u l a r g l a n d system, a l t h o u g h t h e 0 2 molecule i s i n s e r t e d a t d i ff e r e n t p o s i t i o n s w i t h t h e two systems. The r e s u l t s i n Fig.9 show t h a t g l u t a t h i o n e p e r o x i d a s e , i n t h e p r e s e n c e of m e rc a p t a n completely i n h i b i t s t h e a c t i o n of soybean lipoxygenase. T h u s , i n one more f e a t u r e t h e mechanism of t h i s unu s u a l dioxygenase resembles t h a t f a c i l i t a t i n g t h e p r o d u c t i o n of p r o s t a g l a n d i n s i n v e s i c u l a r g l a n d . The i n h i b i t o r y a c t i o n i s dependent upon t h e p r e s e n c e of f r e e mercaptan and i s r e v e r s e d by t r e a t m e n t w i t h NEM,as shown i n t h e lower h a l f of F i g . 9 . The r a t e of f o r m a t i o n of c o n j u g a t e d d i e n e , a s measured by t h e i n c r e a s i n g a b s o r b a n c e a t 2 3 4 mu was n o t GSEI Feroxidase time F i g u r e 9 . E f f e c t of g l u t a t h i o n e p e r o x i d a s e on lipoxygenase r a t e s . The + and -s i g n s a t t h e upper p a r t of t h e f i g u r e i n d i c a t e t h e p r e s e n c e or a b s e n c e , r e s p e c t i v e l y , o f t h e p e r o x i d a s e . The lower c u r v e i n d i c a t e s t h e f o r m a t i o n of c o n j u g a t e d d i e n e i n t h e p r e s e n c e of g l u ta t h i o n e w i t h a d d i t i o n s as n o t e d . diminished by the presence of glutathione,but did stop immediately after adding glutathione peroxidase. The lipoxygenase activity was slowly recovered after NEM was added to combine with the free mercaptan. The lag following NEM addition may be due in part to slow removal of mercaptan,but the definite lag after adding lipoxygenase suggests that some intermediate must accumulate prior to attainment of the maximal enzymic rate. A series of experiments convinced us that soybean lipoxyqenase is activated by lipid peroxide. This was shown most clearly when the lag phase was eliminated completely by small amounts of added product. A number of conflicting reports on the lag phenomenon with lipoxygenases appear in the literature(Tappe1 et alIl952;Haining & Akelrodr1958; Koch et a1,1958; Koch,1968) but most can be reconciled with the earlier report of product activation (Haining & Akelrod,1958) . Our results with glutathione peroxidase suggest that the product activation may be an obligatory feature of the mechanism for both systems.
In addition to the lag phase,we found another interesting feature of soybean lipoxygenase was its tendency to inactivate itself prior to complete use of added substrate. Thus,as shown in Fig.lO ,the rate of reaction drops to zero until fresh enzyme is added. The reaction then proceeds with no lag phaseland to an extent dependent upon the amount of enzyme added,until it stops again. The instantaneous velocities obtained at various points along the curve are replotted versus substrate concentration and show reproducibly linear decreases in velocity. The decrease in velocity in the presence of saturating levels of substrate is a measure of the decrease in active enzyme. The average slope for the experimental points gave a value of 0.17 min-1 for the destruction of lipoxyqenase in the presence of 8,11,14-eicosatrienoate and 02. More detailed studies to be reported elsewhere indicate that the enzyme-limited extent of reaction can be interpreted most simply as self-catalyzed destruction at the stage of active enzyme-substrate-02 complex. This phenomenon occurs to different degrees with different substrates,so each may be characterized by a different rate constant in the self-destruction reaction of lipoxygenase. The approximate values in Table 5 show a tenfold range from linoleate to docosahexaneoate.
There are some important similarities in the inability of lipoxygenase to sustain its catalytic activity under conditions necessary for reaction and the recognized lability of the vesicular gland dioxygenase(reaction 1, Fig.l) . Both systems are characterized by varied specific activities between preparations and by a rapid l o s s of activity in reacting systems,so further reaction requires not fresh cofactors, 18:2 (n-6) 1.2 sec -1 20:2 (n-6) 1.1 18 : 3 (n-3) 3.7 18:3 (n-6) 2.9 20: 3 (n-3) 5.7 20 : 3 (n-6) 3.5 20 : 4 (n-6) 7.8 20:5(n-3) 11.4 22:6 (n-3) 13.8 but fresh catalyst. A number of unsaturated fatty acids that occur naturally in tissues may be oxidized but do not serve as precursors for the eventual formation of prostaglandins. It seems possible the vesicular gland dioxygenase may be inactivated irreversibly by action on those acids,as well as precursor acids. Such inactivation could diminish the capacity of the tissue to form the hormonal compounds and help emphasize the significance of the formation of new protein as a regulatory mechanism in prostaglandin synthesis.
SUMMARY
tures allowed quantitative estimates of the many products of the multi-enzyme complex that oxidatively rearranges fatty acids into prostaglandins. The enzymes appear together in subcellular fractions that sediment more rapidly than endoplasmic reticulum from liver. Although enzyme preparations produce PGF/PGE in a ratio of 0.5,added glutathione stimulates the internal 1,2 hydride shift(simi1ar to that observed with glyoxa1ase)to increase PGE formation. On the other handladding Cu++ plus dithiol(especial1y dihydrolipoamide)stops PGE formation and stimulates reduction to form PGF. The supply of metabolic intermediates for these reactions,in turn,is limited by the activity of the enzyme catalyzing the initial combination of 02 with the polyunsaturated fatty acid. This dioxygenase appears to react by a mechanism including a reducible intermediate formland is unstable under the conditions necessary for reaction.
TLC of total radioactive lipids from incubation mix-
